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(54) RESONANT INVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the switching 
loss of a resonant inverter. 
SOLUTION: A zero-cross timing, when an inverter 
output current IL is shifted from a positive value to a 
negative value, is detected and a frequency . 
command value f* is updated so that he zero-cross 
timing and a turn-on timing of a switching device SW2 
meet each other. Even if there is a deviation between 
the zero-cross timing of the inverter output current IL 
and a turn-off timing of the switching device SW2, the 
frequency of an output voltage pulse VI is controlled 
corresponding to the deviation by controlling the 
pulse width of the output voltage pulse V1 of an 
inverter 10 so that a load voltage V2 and a 

predetermined value VS meet each other. The phase of the inverter output current IL is 
thereby deviated in such a direction that the zero-cross timing and the turn-on timing of the 
switching device SW2 meet each other. As a result, the switching device SW2 performs a 
zero-current switching operation to reduce the turn-off loss. 
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* NOTICES * 

JPO and NCI PI are no^ responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The inverter circuit which outputs a forward and negative electrical-potential-difference 
pulse by turns by having two or more solid-state-switching components, and controlling these solid- 
state-switching component. In the resonance form inverter equipped with the reactor and capacitor 
which were connected to the outgoing end of the inverter circuit concemed at the serial A zero cross 
timing detection means to detect the zero cross timing of the output current of said inverter circuit. 
An edge detection means to detect the rising edge or falling edge of an output voltage pulse of said 
inverter circuit, A timing gap detection means to detect the gap with the zero cross timing detected 
with said zero cross timing detection means, and the detection timing of the edge detected with said 
edge detection means, A frequency control means to control the frequency of the output voltage 
pulse of said inverter circuit so that the timing gap detected with the timing gap detection means 
concemed is lost. The resonance form inverter characterized by having the switch control means 
which controls said solid-state-switching component so that the frequency of said output voltage 
pulse turns into a frequency set up with said frequency-control means. 

[Claim 2] The resonance form inverter according to claim 1 characterized by controlling the supply 
voltage to a load by changing the pulse width of the output voltage pulse of said inverter circuit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention connects to the output side of an inverter circuit the reactor 
and capacitor which were connected to the serial, and relates to the resonance form inverter which 
reduced those txrni on power losses and turn off power losses especially about the resonance form 
inverter to which made it make resonance actuation perform. 
[0002] 

[Description of the Prior Art] In the so-called resonance form inverter conventionally equipped with 
the reactor and capacitor which were connected with the inverter which outputs a forward and 
negative electrical-potential-difference pulse by turns at the serial at the outgoing end, the supply 
voltage to a load is adjusted by performing PWM control which changes the ratio of the period when 
the output voltage pulse of an inverter serves as forward or a negative electrical potential difference, 
and the period used as a zero electrical potential difference. And in order to maintain a load electrical 
potential difference at a desired value irrespective of fluctuation of supply voltage, fluctuation of a 
load, etc., he performs said PWM control and is trying to adj\ist an output voltage pulse so that a load 
electrical potential difference may be supervised and this may serve as a desired electrical-potential- 
difference value. 

[0003] As it is got blocked, for example, is shown in drawing 4 , in the resonance form inverter 
which connected Reactor L and Capacitor C to the outgoing end of the full bridge form inverter 10 
which consists of four switching elements SW1-SW4 by which diodes D1-D4 were connected to 
reverse juxtaposition at the serial, the electrical-potential-difference detector 12 has detected the 
both-ends electrical potential difference of the load linked to this capacitor C and juxtaposition. 
[0004] And so that the load electrical potential difference detected with the electrical-potential- 
difference detector 12 may tum into a predetermined electrical potential difference set up beforehand 
in the pulse width control circuit 22 A pulse width command value is set up, it directs to the switch 
control circuit 24, and this switch control circuit 24 is the output voltage pulse VI of an inverter 10. 
So that it may become the predetermined frequency set up beforehand And as shown in drawing 5 , 
each switching elements SW1-SW4 are changed by tums on both sides of a dead time, so that it may 
become the pulse width specified in the pulse width control circuit 22. Output voltage pulse VI used 
as the electrical-potential-difference value as which the specified frequency was specified by this It 
is outputted and is the desired load electrical potential difference V2. It is obtained. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the inverter 10, in case each of those 
switching elements SW1-SW4 are changed, it is known that turn on power losses and tum off power 
losses will arise. These tum on power losses and tum off power losses are the inverter output current 
IL. While not flowing, it is possible to decrease by performing zero current switching actuation 
which changes switching elements SW1-SW4. 

[0006] However, by adjusting this pulse width, if PWM control adjusts the pulse width of an output 
voltage pulse as mentioned above in order to maintain a load electrical potential difference at a 
predetermined value, as shown in drawing 5 , they are the change timing of switching elements 
SW1-SW4, and the inverter output current IL. The amount of gaps with zero cross timing is 
changed, and there is a problem that tum on power losses and tum off power losses may increase. 
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[0007] Then, this invention is made paying attention to the above-mentioned conventional xmsolved 
problem, and aims at offering the possible resonance form inverter of reducing the increment in the 
turn off power losses and turn on power losses which originate in controlling pulse width and are 
produced. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the resonance form 
inverter concerning claim 1 of this invention The inverter circuit which outputs a forward and 
negative electrical-potential-difference pulse by turns by having two or more solid-state-switching 
components, and controlling these solid-state-switching component, In the resonance form inverter 
equipped with the reactor and capacitor which were connected to the outgoing end of the inverter 
circuit concerned at the serial A zero cross timing detection means to detect the zero cross timing of 
the output current of said inverter circuit. An edge detection means to detect the rising edge or falling 
edge of an output voltage pulse of said inverter circuit, A timing gap detection means to detect the 
gap with the zero cross timing detected with said zero cross timing detection means, and the 
detection timing of the edge detected with said edge detection means, A frequency control means to 
control the frequency of the output voltage pulse of said inverter circuit so that the timing gap 
detected with the timing gap detection means concerned is lost. It is characterized by having the 
switch control means which controls said solid-state-switching component so that the frequency of 
said output voltage pulse turns into a frequency set up with said frequency-control means. 
[0009] Moreover, the resonance form inverter concerning claim 2 is characterized by controlling the 
supply voltage to a load by changing the pulse width of the output voltage pulse of said inverter 
circuit in said resonance form inverter according to claim 1 . While the rising edge or falling edge of 
an output voltage pulse of an inverter circuit is detected, the zero cross timing of the output cxuxent 
of an inverter circuit is detected, and, as for this claim 1 and a resonance form inverter according to 
claim 2, the gap with the detection timing of said edge and zero cross timing is detected. And the 
frequency of the output voltage pulse which an inverter circuit outputs is controlled so that this 
timing gap is lost. 

[0010] or [ that is, / that the phase of the output current of an inverter circuit will progress in 
connection with this if the frequency of an output voltage pulse changes ] — or since it is behind, if a 
frequency is adjusted so that a falling edge or a rising edge, and the zero cross timing of the output 
current may be in agreement, zero current SUTCHIINGU actuation will be performed and the 
switching element which constitutes a resonance form inverter will become possible [ reducing the 
switching loss of each switching element ]. 

[001 1] In a resonance form inverter which controls the supply voltage to a load by changing the 
pulse width of the output voltage pulse of an inverter circuit especially, if pulse width is updated, it 
may fall, or the amoxmt of gaps of a rising edge and zero cross timing may change, and a tum-on or 
turn off power losses may increase in connection with this. However, since frequency control is 
performed so that falling or the rising edge, and zero cross timing of an output voltage pulse of 
having changed pulse width may be in agreement, irrespective of change of pulse width, it will fall, 
or a rising edge and zero cross timing will be in agreement, and it becomes possible to reduce a tum- 
on or turn off power losses. 
[0012] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained. 
Drawing 1 is the outline block diagram of the resonance form inverter which applied this invention. 
That is, as shown in drawing 1 , the reactor L which the inverter 10 was connected to the both ends 
of DC power supply 1, and was connected to the outgoing end at the serial, and Capacitor C are 
connected. And the load 50 is connected to the both ends of this capacitor C. 

[0013] The switching element SWl which said inverter 10 is the so-called full bridge type inverter, 
for example, it consisted of switching elements SW1-SW4 of self-extinction of arc forms, such as a 
transistor, and a switching element SWl, and SW2, SW3 and SW4 were connected to the serial, 
respectively, and was connected to these serials, and SW2, SW3 and SW4 are connected to DC 
power supply 1 at juxtaposition. Moreover, diodes D1-D4 are connected to reverse juxtaposition at 
each of each of said switching elements SW1-SW4. 

[0014] And the end of Reactor L is connected at the node of the switching elements SWl and SW2 
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connected to the serial of said inverter 10, and Capacitor C is connected between the other end of 
this reactor L, and the node of said switching elements SW3 and SW4. And the node of said 
switching elements SWl and SW2 and the node of said switching elements SW3 and SW4 serve as 
an outgoing end of an inverter 10, and the electrical potential difference of these between is the 
output voltage pulse VI of an inverter 10. It carries out and a load 50 is supplied. 
[0015] Moreover, the electrical-potential-difference detector 12 for measuring a load electrical 
potential difference is formed in the both ends of Capacitor C, and it is the output current IL of a 
resonance form inverter between the outgoing end of said inverter 10, and Capacitor C further. The 
current detector 14 to detect is formed. It is the output voltage pulse VI of said inverter 10 so that 
this pulse width control circuit 22 may serve as a predetermined load electrical potential difference 
to which the detection electrical potential difference detected with said electrical-potential-difference 
detector 12 was beforehand set according to the load 50 by outputting the detection electrical 
potential difference of said electrical-potential-difference detector 12 to the pulse width control 
circuit 22. Pulse width is set up and it outputs to the switch control circuit 24 by making this into a 
pulse width command value. 

[0016] Moreover, the detection current of said current detector 14 is outputted to the phase contrast 
detector 26, and tihe phase contrast detector 26 is the inverter output current IL based on the detecting 
signal of said current detector 1 4. Zero cross timing is detected. And the inverter output current IL 
Based on zero cross timing and the change timing information of switching elements SW1-SW4 
inputted from said switch control circuit 24, the gap with a switching element SWl, the tum-on 
timing of SW2, a switching element SW3 or the tum-off timing of SW4, and zero cross timing is 
detected, and it judges whether zero cross timing is progressing to the change timing of each 
switching elements SW1-SW4. And it outputs to the frequency control circuit 28 by making the 
decision result into timing gap information. 

[0017] Here, they are the change timing of said switching element, and the inverter output cxirrent 
IL. Detection of the gap with zero cross timing is said output voltage pulse VI. It is [ the change 
timing of a switching element of specifying a rising edge and a falling edge, the change timing of the 
switching element which this, i.e., switching loss, produces, and ] said output voltage pulse VI. The 
inverter output current IL corresponding to a falling edge and a rising edge A gap is detected about 
zero cross timing. 

[0018] that is, it is shown in drawing 5 — 2is — a time — output voltage pulse VI of tl 1 since standup 
timing is decided by tum-on timing of a switching element SWl — the tum-on timing of a switching 
element SWl, and the inverter output current IL The gap is detected about the zero cross timing 
which changes from a negative value to a positive value, moreover, a time — output voltage pulse VI 
of tl4 since faUing timing is decided by tum-on timing of a switching element SW2 — the tum-on 
timing of a switching element SW2, and the inverter output current IL The gap is detected about the 
zero cross timing which changes from a positive value to a negative value. 

[0019] moreover, a time — output voltage pulse VI of tl2 Falling timing It is [ a rule and ] the output 
voltage pulse VI of tl 5 by the tum-off timing of a switching element SW4 at the time. Standup 
timing Since it is decided by tum-off timing of a switching element SW3, the tum-off timing of a 
switching element SW4, Inverter output current IL The gap with the zero cross timing which 
changes from a positive value to a negative value is detected, and it is [ the tum-off timing of a 
switching element SW3, and ] the inverter output current EL similarly. The gap with the zero cross 
timing which changes from a negative value to a positive value is detected. 
[0020] Said frequency control circuit 28 is the output voltage pulse VI based on the timing gap 
information from said phase contrast detector 26. A frequency is set up. That is, it is the inverter 
output current IL with the phase contrast detector 26. When it judges that the direction of zero cross 
timing is progressing rather than the change timing of a switching element, only the predetermined 
frequency deltaf which set up frequency command value f* beforehand is decreased. On the 
contrary, when judged with the zero cross timing of the inverter output current IL being later than the 
change timing of a switching element, it is frequency conunand value f. Only predetermined 
frequency deltaf makes it increase. 

[0021] Said switch control circuit 24 The pulse width command value from the pulse width control 
circuit 22, Frequency command value P from said frequency control circuit 28 Output voltage pulse 
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VI which has the pulse width which is the specified fi-equency and was specified as the basis That it 
should output The change timing of each switching elements SW1-SW4 is controlled, and it is said 
output voltage pulse VI . So that it may carry out and a forward electrical potential difference and a 
forward negative electrical potential difference may be outputted by turns On both sides of the dead 
time which tums off both OFF or switching elements SW3 and SW4 of both for switching elements 
SWl and SW2, each switching elements SW1-SW4 are turned on/off controlled. That is, output 
voltaige pulse VI set to supply voltage +E of DC power supply 1 by setting both the switching 
elements SWl and SW4 to ON as shown in drawing 2 It outputs and -E is outputted by setting 
switching elements SW2 and SW3 to ON conversely. And at the times other tiian this, it is the output 
voltage pulse VI. It becomes a zero electrical potential difference. 

[0022] Li addition, since the diode by which the driving signal was connected to the switching 
element given as ON and reverse juxtaposition serves as ON fi-om the switch control circuit 24 
although diodes Dl and D4 or diodes D2 and D3 flow when the polarities of the electrical potential 
difference between the outgoing ends of an inverter 10 and a current differ, it becomes equivalent to 
the condition that the switching element to which the driving signal is given as ON has flowed. 
[0023] An inverter 10 corresponds to an inverter circuit, and it sets to the current detector 14 and the 
phase contrast detector 26 here, and is the inverter output current IL. The processing which detects 
zero cross timing corresponds to a zero cross timing detection means. The processing which outputs 
the change timing information of each switching element to the phase contrast detector 26 fi-om the 
switch control circuit 24 corresponds to an edge detection means. The processing which detects the 
gap with zero cross timing and the change timing of a switching element in the phase contrast 
detector 26 corresponds to a timing gap detection means, the fi-equency-control circuit 28 
corresponds to a frequency-control means, and the switch control circuit 24 supports the switch 
control means. 

[0024] Next, actuation of the gestalt of the above-mentioned implementation is explained. An 
operation frequency is the frequency initial value fO about now and an inverter 10. It drives and is 
the load electrical potential difference V2. Predetermined value vS When it shall drive so that it may 
become, in the frequency control circuit 28 Frequency command value It carries out and is the 
frequency initial value fO. It sets up, and outputs to the switch control circuit 24 ( drawing 3 step SI), 
and is the load electrical potential difference V2 in the pulse width control circuit 22. Predetermined 
value vS The pulse width command value which can become is set up and this is outputted to the 
switch control circuit 24. 

[0025] frequency command value f specified in the switch control circuit 24 it is ~ and each 
switching elements SW1-SW4 are changed to predetermined timing so that it may become the 
specified pulse width command value, frequency f*' specified by this it is ~ and output pulse 
electrical potential difference VI of the specified pulse width resonance actuation are outputted from 
an inverter 10 and according to Reactor L and Capacitor C ~ output voltage pulse VI Big load 
electrical potential difference V2 It generates and this is impressed to a load 50. 
[0026] This load electrical potential difference V2 It is detected by the electrical-potential-difference 
detector 12, and is outputted to the pulse width control circuit 22. The detection electrical potential 
difference and the predetermined value vS which were detected with the electrical-potential- 
difference detector 12 in the pulse width control circuit 22 It compares and a detection electrical 
potential difference is the predetermined value vS. When large A pulse width command value is set 
up so that the section used as the zero of output voltage pulse VI </SUB> may increase more, and a 
detection electrical potential difference is the predetermined value vS conversely. When small, it is 
the output voltage pulse VI . A pulse width command value is set up so that the section used as h-E or 
-E may increase more. 

[0027] In the switch control circuit 24, it is the output voltage pulse VI. Since each switching 
elements SW1-SW4 are changed so that it may be in agreement with the pulse width command value 
as which pulse width was specified, it is the output voltage pulse VI. Pulse width is controlled and it 
is the load electrical potential difference V2. It is controlled in agreement with the predetermined 
value vS. At this time, it is the inverter output current IL with the current detector 14. It has detected, 
that detection result is outputted to the phase contrast detector 26, and it is the inverter output current 
IL with this phase contrast detector 26. Zero cross timing is detected. For example, the tum-on 
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timing of the switching element S W2 among the change infomiation on the switching elements 
SW1-SW4 from the switch control circuit 24 and the inverter output current IL When it detects 
whether the zero cross timing which serves as a negative value from a positive value is in agreement 
and these are not in agreement, it detects which timing is progressing. 

[0028] this time VI, for example, an output voltage pulse, Frequency fV fV =fD it is — the case 
where the on-off condition of the switching elements SW1-SW4 at the time and the inverter output 
current IL have the relation shown in drawing 5 — a time — tl3 — the inverter output current IL zero 
cross timing detects — having ~ a time — 1 14 — the inverter output current IL The tum-on timing of a 
switching element S W2 will be detected. Therefore, the inverter output current IL Since the direction 
of zero cross timing is progressing, this is notified to the frequency control circuit 28. 
[0029] In the frequency control circuit 28, based on the timing gap information from the phase 
contrast detector 26 When it judges (step S2) and there is no gap among these, whether it changes to 
zero cross timing and there is any gap in timing It is frequency command value succeedingly. It 
carries out and is the frequency initial value fO. It sets up and is the output voltage pulse VI. A 
frequency is the frequency initial value fO. Although it directs to become If it is notified that it 
changes from the phase contrast detector 26 to zero cross timing, and there is a gap in timing, it will 
shift to step S3 from step S2. And it is the inverter output current IL in this case. Since the direction 
of zero cross timing is progressing, it shifts to step S4 from step S3, and it is frequency command 
value f**. Only deltaf is enlarged and directs this to the switch control circuit 24. 
[0030] The change timing of each switching elements SW1-SW4 is changed, by this, change control 
of switching elements SW1-SW4 is performed, and it follows on this in the switch control circuit 24 
so that only deltaf may become a large frequency from the former, and it is the output voltage pulse 
VI. A frequency changes, thus, output voltage pulse VI The inverter output current IL if a frequency 
changes, since the impedance of the resonance circuit which consists of a reactor L and a capacitor C 
will change a phase — delay and drawing 5 — setting ~ Time t — the gap with the tum-on timing of 
the switching element SW2 of tl4 shifts in the direction which becomes small at the zero cross 
timing of 13, and the time. 

[0031] And while these zero cross timing and tum-on timing are not in agreement, it retums from 
step S4 to step S2, and shifts to step S4 through step S3 fiirther, and it is frequency command value 
f . deltaf is added and a frequency is made to increase fiirther. this — the inverter output current IL a 
phase — Uttle by little — delay ~ soon — output voltage pulse VI Frequency fV when controlled by 
fV =fs, it is shown in drawing 2 ~ as ~ a time - 13 The inverter output current IL Zero cross timing 
and the tum-on timing of a switching element SW2 are in agreement. 

[0032] Frequency command value P since these zero cross timing and tum-on timing were in 
agreement in the frequency control circuit 28 Frequency [ stop updating and ] command value [ at 
this time ] P It directs continuously to the switch control circuit 24. On the contrary, the inverter 
output current IL When zero cross timing is behind the tum-on timing of a switching element SW2, 
it shifts to step S5 from step S3, and it is frequency command value P. Only deltaf is decreased. 
Therefore, output voltage pulse VI Frequency fV The inverter output current IL since it becomes 
small A phase progresses and it is the inverter output current IL. Changing in the direction in which 
zero cross timing approaches the tum-on timing of a switching element S W2, these are in agreement 
soon. 

[0033] Therefore, it is the load electrical potential difference V2 by fluctuation of the supply voltage 
of DC power supply 1, fluctuation of a load 50, etc. When it changes, it is this load electrical 
potential difference V2. It is the output voltage pulse VI so that fluctuation may be controlled. Pulse 
width is changed, and it follows on this, and is [ the change timing of switching elements SW1-SW4, 
and ] the inverter output current IL. Relation with zero cross timing will change. And they are the 
tum-on timing of a switching element SW2, and the inverter output current EL at this time. If zero 
cross timing has shifted, it is the inverter output current IL to the tum-on timing of a switching 
element SW2. It will flow and tum on power losses will arise. 

[0034] However, it is the output voltage pulse VI so that zero cross timing and the tum-on timing of 
a switching element SW2 may be in agreement. A frequency is controlled and it is the inverter 
ou^ut current IL. Since a phase is adjusted, a switching element SW2 will be in a zero current 
switching condition, and can reduce the tum on power losses of a switching element SW2. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 2/15/2006 



JP,2002-171766,A [DETAILED DESCRIPTION] 



Page 6 of 7 



[0035] Moreover, since the tvim-on timing of a switching element SWl and the tum-on timing of a 
switching element SW2 are shifted the semicircle term, by making in agreement the turn-on timing 
and zero cross timing of a switching element SW2, the txim-on timing and zero cross timing of a 
switching element SWl will also be in agreement, and the turn on power losses of a switching 
element SWl will also be reduced. 

[0036] Moreover, it sets in the gestalt of the above-mentioned implementation, and is the inverter 
output current IL. Since direct detection is carried out and he is trying to detect zero cross timing 
based on this, zero cross timing can be detected with high precision, and switching loss can be more 
exactly reduced by performing frequency regulation based on this zero cross timing. 
[0037] Moreover, in this way, since switching loss can be reduced, the power efficiency of the whole 
equipment can be raised. Moreover, if switching loss arises, since it is necessary to radiate the heat 
by this, equipment will be enlarged, but in the gestalt of the above-mentioned implementation, since 
switching loss can be reduced, enlargement of equipment can be controlled. 
[0038] Moreover, he is trying to reduce the turn on power losses of a switching element SW2 by 
changing the operation frequency of an inverter 10 in the gestalt of the above-mentioned 
implementation. For this reason, by changing an operation frequency, a current value may increase 
and turn off power losses may increase with the increment in the current value at the time of a turn- 
off. However, since the augend of these turn off power losses is minute as compared with the amoimt 
of reduction of turn on power losses, it is satisfactory. 

[0039] Moreover, since switching loss can be reduced by controlling the operation frequency of an 
inverter 10, it can realize, without changing the existing configuration sharply. Moreover, even if it 
is a case with it difficult [ to aim at loss reduction by other technique, such as software switching ], 
by controlling the operation frequency of an inverter 10, loss reduction can be aimed at and loss can 
be fiirther reduced more by aiming at loss reduction combining these. 

[0040] It is the output voltage pulse VI about the increment in the switching loss which originates in 
change of pulse width although the amount of gaps of the change timing of a switching element and 
zero cross timing may change according to change of the pulse width and switching loss may 
increase when pulse width is especially controlled by PWM control. By changing a frequency, since 
it can control, it is suitable. 

[0041] In addition, it sets in the gestalt of the above-mentioned implementation, and they are the 
tum-on timing of a switching element SW2, and the inverter output current IL. By making zero cross 
timing in agreement Although the case where the turn on power losses of switching elements SWl 
and S W2 were reduced was explained The tum-on timing and the inverter output current IL of not 
only this but the switching element SWl You may make it make in agreement the zero cross timing 
which serves as a positive value from a negative value. Also in this case, the tum on power losses of 
switching elements SWl and SW2 can be reduced. 

[0042] Moreover, in the gestalt of the above-mentioned implementation, although the case where the 
tum on power losses of the zero cross switching elements SWl and SW2 were reduced was 
explained, it is possible not only this but to reduce the tum off power losses of a switching element 
SW3 and a switching element SW4. In this case, the turn-off timing and the inverter output current 
IL of a switching element SW3 The zero cross timing which serves as a positive value from a 
negative value or the turn-off timing of a switching element SW4, and the inverter output current IL 
What is necessary is making it just make in agreement the zero cross timing which serves as a 
negative value from a positive value. 

[0043] Moreover, these [ both ] cannot be reduced although both the tum on power losses of 
switching elements SWl and SW2 and the tum off power losses of switching elements SW3 and 
SW4 can be reduced in this way. Therefore, whether loss [ which ] is reduced should just choose the 
larger one of loss, or the one where it is more difficult to aim at loss reduction by other technique, 
such as software switching. 

[0044] Moreover, in the gestalt of the above-mentioned implementation, although the case where a 
load 50 was connected to Capacitor C and juxtaposition was explained, even if it is the case where a 
load 50 is connected between Reactor L and Capacitor C, it is applicable. Moreover, although the 
case where it applied to the inverter of a full bridge form was explained, even if it is possible not 
only this but to apply to the inverter of for example, a half bridge form and it is not only a single 
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phase inverter but a polyphase inverter, it is applicable, and if it is a resonance form inverter, in 
short, it is applicable. 

[0045] moreover, the gestalt of the above-mentioned implementation — setting — frequency 
command value P deltaf every, although the case where it was made to update was explained, it 
does not restrict to this. For example, the amount of gaps of the change timing of a switching 
element and zero cross timing is detected, and PI (proportionality and integral) controller etc. is used, 
and when said amount of gaps is comparatively large, it is frequency command value f*. It updates 
comparatively greatly and you may make it update a frequency Uttle by little after that 
[0046] 

[Effect of the Invention] Since the frequency was controlled according to the resonance form inverter 
concerning claim 1 and claim 2 of this invention so that the standup of the output voltage pulse of an 
inverter circuit or the timing of a falling edge, and the zero cross timing of the output current of an 
inverter circuit were in agreement as explained above, the switching loss of the switching element 
which constitutes an inverter circuit can be reduced easily. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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